Since the description of cancer as a genetic disease, an overwhelming number of data have been generated which show the contribution of numerous oncogenes and tumor suppressor genes to the tumorigenic process. More recently, cancer has been defined as a differentiation disease, due to loss of proliferation constraint (differentiation) rather than acquisition of proliferative capability (Harris 2004) , underscoring the relevance of undifferentiated progenitor cells carrying specific mutations that drive tumorigenesis. Conforming to this concept, "cancer stem cells" (CSC) have been observed in tumors of different origins. These cells have the ability to self-renew and to give rise to more differentiated cells that constitute most of the tumor mass, thus dictating the phenotype, metastatic properties, and response to therapy. However, the link between CSC and normal tissue stem cells is still undefined. It is unknown whether CSCs are relatively quiescent as normal stem cells, and whether tumors harbor also a "transit-amplifying" cell pool responsible for most of the proliferation. If so, classic DNA-damaging agents used in chemotherapy would only target dividing cells but would leave unaffected resting CSCs as the seeds for relapse of the tumor (Dean et al. 2005) .
Since the description of cancer as a genetic disease, an overwhelming number of data have been generated which show the contribution of numerous oncogenes and tumor suppressor genes to the tumorigenic process. More recently, cancer has been defined as a differentiation disease, due to loss of proliferation constraint (differentiation) rather than acquisition of proliferative capability (Harris 2004) , underscoring the relevance of undifferentiated progenitor cells carrying specific mutations that drive tumorigenesis. Conforming to this concept, "cancer stem cells" (CSC) have been observed in tumors of different origins. These cells have the ability to self-renew and to give rise to more differentiated cells that constitute most of the tumor mass, thus dictating the phenotype, metastatic properties, and response to therapy. However, the link between CSC and normal tissue stem cells is still undefined. It is unknown whether CSCs are relatively quiescent as normal stem cells, and whether tumors harbor also a "transit-amplifying" cell pool responsible for most of the proliferation. If so, classic DNA-damaging agents used in chemotherapy would only target dividing cells but would leave unaffected resting CSCs as the seeds for relapse of the tumor (Dean et al. 2005) .
The current description of CSC implies that these cells have acquired and sustain a complete set of mutations responsible for the tumorigenic properties. In other words, epigenetic control rather than additional genetic changes distinguishes CSC from differentiated tumor cells, as also happens in normal tissues. In this concept, the tumor mass is an end point in which additional genetic and epigenetic changes occurring beyond the CSC or transit-amplifying compartment do not contribute to tumorigenesis but rather represent background noise. Moreover, the consideration of CSCs as the tumor seeds runs the risk of underestimating the role of less progressed cells in the biology of the tumor.
Tumorigenesis is a selective process in which the initial growth-promoting mutations can largely determine the tumor characteristics. Mitogen-independent proliferation, escape from apoptosis, survival in hypoxic conditions, or increased detoxification efficiency are likely selected for in the primary tumor mass. However, it is less clear how this selective process occurring in the primary tumor would yield genetic changes needed for metastasis. One might argue that alterations facilitating distant spread and growth occur early in tumor progression because of other selective advantages relevant for primary tumor growth. In this case, metastasis-predisposing genes would belong to the classically defined oncogenes and tumor suppressor genes (Bernards and Weinberg 2002) . This is in agreement with the detection of poor-prognosis expression signatures in primary tumors that predict a high risk of metastatic spread van 't Veer et al. 2002; Ramaswamy et al. 2003) . Another possibility is that rare cell populations, sporadically acquiring new genetic aberrations, have an increased ability to metastasize. That would explain why cells derived from metastases have repeatedly been shown to be more metastatic than the bulk population of cells from primary tumors. This is supported by observations that different subpopulations of cells with distinct metastatic potential and target-organ preference can be identified in a human breast cancer cell line both by in vivo selection and by in vitro subcloning (Kang et al. 2003; Minn et al. 2005) .
Interestingly, those highly predisposed variants also share the "poor prognosis" signature but show in addition a specific set of expressed genes determining organ preference and/or metastatic potential. Therefore, both models appear to be true: There is a general predisposition but also the need for additional changes that may affect more or less rare cell populations of the primary tumor (Hynes 2003) .
From the observation that most sporadic tumors are phenotypically heterogeneous, we hypothesize that some phenotypic characteristics might be due to the presence in tumors of genetically variant cell populations representing different evolutionary (progression) steps. Such genetic heterogeneity would give the tumor the opportunity to adapt to new situations (plasticity), required for invasion, metastases, and resistance to chemotherapy or radiotherapy.
One good example illustrating this possibility is the case of relapsed SCLC. Primary and metastatic SCLC are known to be very sensitive to chemotherapy, but drug-resistant relapses occur almost invariably. In addition, some relapsed tumors show clear transdifferentiation, resulting in NSCLC features (Brambilla et al. 1991; Kraus et al. 2002) . SCLC tumors are also highly metastatic, producing distant nodules in liver, adrenal glands, brain, and bone. It is worth noting that little is known about the premalignant lesions from which SCLC originates, as patients mostly present with advanced, metastatic disease. Focusing on a unique animal model for SCLC and taking into consideration the likely heterogeneity of tumors, we present here a strategy to establish relevant genotypephenotype correlations, which can help in understanding the salient features of the underlying tumor biology.
SCLC
Lung cancer is currently the leading cause of cancer deaths worldwide, with a higher morbidity than breast, pancreatic, prostate, and colorectal cancers combined (Landis et al. 1999) . SCLC is a histopathologically defined subset of lung cancers formed by small cells with scarce cytoplasm and molded nuclei, showing neuroendocrine (NE) differentiation, and accounts for almost 18% of all lung tumors. Due to the high proliferative and metastatic potential, but especially to the almost certain recurrence after chemotherapy, the 5-year survival rate for SCLC is around 5% (Worden and Kalemkerian 2000) . In contrast, 80% of lung tumors show markers of nonneuroendocrine epithelial differentiation, including adenocarcinomas, squamous cell, bronchioalveolar, and large-cell carcinomas, classified altogether as NSCLC. SCLC and NSCLC show major differences in histopathological characteristics that can be explained by the distinct patterns of genetic lesions found in both tumor classes (Zochbauer-Muller et al. 2002) . As an important example, oncogenic mutations in Ras proteins are exclusively found in NSCLC tumors, whereas amplification of L-myc (MYCL1) and N-myc (MYCN) genes is exclusively observed in SCLC (Table 1) (Meuwissen and Berns 2005) . C-myc gene (MYC) amplification has been observed in both NSCLC and SCLC, but the overall MYC-family amplification is significantly more frequent in SCLC (20-35%) than in NSCLC (5-20%) (Richardson and Johnson 1993) . Also intriguing is the tumor-type specificity observed in mutations affecting the p16 INK4a / CycD1/CDK4/RB1 pathway. Inactivation of this pathway is found in virtually all tumor types; despite the mutual exclusiveness of the mutations in these genes, alterations in p16INK4a, CycD1, or CDK4 are most commonly seen in NSCLC, whereas RB gene inactivation is a typical feature for SCLC (Zochbauer-Muller et al. 2002; Fong et al. 2003) . More than 90% of SCLCs harbor abnormalities in the RB protein (Reissmann et al. 1993; Dosaka-Akita et al. 1997 ) and rarely show allelic loss, mutation, or promoter hypermethylation of P16INK4a (Fong et al. 2003) . On the other hand, TP53 missense mutations are found in 75% of SCLC and 50% of NSCLC (Toyooka et al. 2003) . In SCLC, p53 loss is frequently accompanied by elevated Bcl-2 and reduced Bax protein levels (Brambilla et al. 1996) . Loss of other tumor suppressor genes might be relevant in the early progression steps, as recurrent chromosome losses do occur. Especially frequent in SCLC is loss of heterozygosity (LOH) of the 3p chromosome region, containing putative tumor suppressor genes like FHIT, RASSF1, SEMA3B, FUS1, and RARβ.
Deregulation of the external, environmental signals that stimulate or constrain the proliferation of cells is another typical feature of cancer cells. By up-regulating growth factor receptors and their ligands, cancer cells can provide themselves with autocrine or paracrine loops facilitating tumor growth (Maulik et al. 2003) . In SCLC, frequent hyperactivation is observed of the autocrine loop composed by gastrin-releasing or other bombesin-like peptides (GRP/BN) and their coupled receptors (GPCR) (Fathi et al. 1996; Rozengurt 1998) . However, the mechanism of activation is not known, as no mutations or amplifications have been detected for GRP or its receptor (Forgacs et al. 2001) . On the other hand, autocrine signaling involving receptors for tyrosine kinase appear to be more relevant in NSCLC. For instance, the neuregulin receptor ERBB-2 is aberrantly expressed in 30% of NSCLC, and the epidermal growth factor receptor (EGFR, ERBB-1) is mutated or overexpressed together with its ligands in a substantial fraction of NSCLC, serving as an appealing target for therapeutic intervention (Paez et al. 2004 ). (Jackson et al. 2001; Johnson et al. 2001; Meuwissen et al. 2001) . By using adenovirus-mediated somatic gene transfer of Cre recombinase, conditional Trp53 and Rb1 alleles can be inactivated in the lung epithelium. In this way, we mimicked the site, the time, and the sporadic fashion in which mutations occur in human SCLC. Tumors do arise with high penetrance, showing histopathological features very similar to those of the human disease (more details about this model are described below). Interestingly, targeting the same range of cells with the same Adeno-Cre vector in conditional K-RasV12 mice resulted in exclusive induction of adenocarcinoma (Meuwissen et al. 2001) .
It is currently accepted that tissue stem cells are the most likely target cells, given their ability to self-renew, thereby allowing the accumulation of mutations. Substantial efforts are being made to identify these self-renewing stem cells from different tissues. In lung, different progenitor/stem cell niches have been defined, including the CK14 + cells in the epithelium of proximal airways (Hong et al. 2004) , the variant Clara cells associated with NE bodies (Hong et al. 2001) , and another type of variant Clara cells found in the bronchioalveolar duct junction in the distal airways (Giangreco et al. 2002) . Very recently, Kim et al. have shown the presence in adult mice of a stem cell population able to repopulate damaged epithelium. These stem cells likely give rise to adenocarcinomas upon acquiring an oncogenic K-Ras mutation (Kim et al. 2005) . However, much less is known about the progenitors of NE cells in the lung. It is possible, although experimental data supporting this are lacking, that the same stem cells can differentiate into both the epithelial and NE lineage. In that case, the target cell for NSCLC and SCLC would be the same. Which tumor In summary, from the point of view of genetic alterations, SCLC and NSCLC are two markedly different entities, as also reflected by their histological and pathological differences. It is still an unsolved question whether this set of specific genetic changes determines the tumor phenotype or whether the transformation of different target cells drives development of distinct lung tumors. Mouse models can serve as an important tool to answer this question as well as to help to assess the contribution of different aberrations to the tumorigenic process.
STRATEGY TO DEFINE GENOTYPE-PHENOTYPE CORRELATIONS
Mouse models for human cancer have proven to be of great value in the understanding of the underlying tumor biology. Especially, transgenic models facilitate the study of the contribution of oncogene activation or tumor suppressor gene loss to the tumorigenic process. The idea is simple: Introduction of genetic lesions found in specific subsets of human cancer in the mouse may result in the development of tumors with a similar phenotype. Given that most genetic alterations driving human tumorigenesis are sporadic and somatic, the more we can reproduce this loco-temporal tumorigenic process, the closer the mouse model will likely resemble its human counterpart. Conditional transgenesis, and regulatable and lineagespecific directed expression are indispensable tools for building accurate cancer mouse models (Jonkers and Berns 2002) .
Our approach to study the molecular determinants of lung tumorigenesis consists of an integrated survey of genotypic changes and phenotypic consequences (Fig. 1) . The starting point is the selection of gene mutations relevant for the human disease. In the case of SCLC, we selected Trp53 and Rb1 loss, whereas in the case of Figure 1 . Strategy to establish genotype-phenotype relationships in a mouse model for SCLC. Genetic alterations observed in the human disease are mimicked in mice to initiate tumorigenesis. Tumors are studied both phenotypically (histopathology) and genotypically (array CGH). Derived cloned cell lines facilitate a more extensive study of phenotypic features, which can be matched to genetic data. Observed additional genetic alterations correlating with a specific phenotype can be further studied by genetic manipulation of cell lines. The contribution of these candidate genetic changes to the in vivo phenotype can be initially tested in an orthotopic transplantation model and finally in a spontaneous compound mouse model. arises then would depend on the genetic lesions acquired. In contrast, different progenitor cell populations could generate Clara cells and alveolar type I and II cells on the one hand and NE cells on the other hand. A NE progenitor cell has been found in bronchial epithelia that survived ablation of all cells carrying a Clara-cell-specific marker. However, it is unclear whether this cell represents a genuine stem cell or a transit-amplifying cell. The ablation of all Clara cells in mouse lung does allow only short-term survival of the mice, so the reconstituting potential of the NE progenitors could not be rigorously tested. The presence of NE stem cells in lung is supported by a study showing a similar pattern of sonic hedgehog (SHH) signaling in embryonic NE precursor cells and in a subset of SCLCs (Watkins et al. 2003) . Nevertheless, the potential NE precursors in the adult lung are not well defined.
If the precursor cell for SCLC and NSCLC is not the same, this implies that particular progenitor cells can only be transformed by specific mutations, thereby contributing to the tumor-type specificity of distinct mutations. Experimental evidence using a conditional oncogenic K-RasIRESlacZ allele indirectly supports the latter, since wide expression of K-RasV12 predominantly results in an early induction of adenocarcinoma in the lung, while other tissues are largely unaffected (Guerra et al. 2003) . These mouse models have clearly established a functional relationship between the initiating genetic lesions and the final phenotype of the tumors, offering unique opportunities to study these early lesions.
However, in most, if not all, cases, additional mutations are required both in man and in mouse. Cells carrying initiating mutations will acquire additional genetic alterations followed by clonal expansion, and selective outgrowth will result in the final genotype and phenotype of the tumor. Unfortunately, insight into this evolution history is still poor, mostly due to the complexity of the process and the difficulty to study precursor lesions. This is even more critical in tumors like SCLC, for which no clear premalignant stages have been defined. We can now, using well-defined animal models, look at precursor lesions and at different stages of tumor progression. The other way to learn about this evolutionary process takes advantage of the persistence of clones representative for different progression steps in the tumor. Genetic aberrations observed in these stages can be compared, and the sequence of events can be determined, indicating the order, relevance, and phenotypic consequence of frequently occurring genetic alterations.
Ideally, one would like to know the genotype and potential phenotype of each cell, or at least each distinct cell population, forming a tumor. By using linear amplification of genomic DNA, it is in principle possible to search for genomic aberrations in a single cell by array comparative genomic hybridizaton (CGH), and to establish a hierarchical clustering containing genealogical information. Using this approach, it has been recently described that breast cancer tumor cells might disseminate while harboring far fewer genomic aberrations than observed in primary tumors or in overt metastases (Schmidt-Kittler et al. 2003) . This result points to the importance of less progressed tumor cell populations in establishing metastases. Derivation of several cloned cell lines from a single tumor lesion will allow us to study these genealogical relationships, but will also permit us to obtain better insight into the phenotype of each variant (Fig. 1) . Expression profiles, in vitro growth characteristics, cell adhesion and migration characteristics, drug sensitivity, resistance to anoikis, in vivo tumor growth, and metastatic potential are examples of phenotypic features that one would like to match with distinct genetic aberrations. For each cell line, one can link genotype and phenotype, and then make a comparison between cells from the same tumor that share a number of genetic alterations but differ with respect to others. In this way, one can obtain information about the relevant genetic events that are responsible for a specific feature. Moreover, observed gene expression patterns can be easily reproduced and monitored in vitro by overexpressing or down-regulating genes. This will provide insight into the role of these genes in determining the phenotypic characteristics of the tumor. However, this approach is only possible when the in vivo-in vitro transition does not cause a major change in cell behavior or results in a strong selection for specific cell variants. One can consider an orthotopic transplantation experiment resulting in a tumor that is very similar to the primary tumor as an indication for limited culture artifacts. In addition, such study might be further complicated when tumors show a high genomic instability.
Importantly, we can reproduce in compound mutant mice some of the observed genetic aberrations and confirm their contribution to the tumor phenotype. Thus, the role of particular combinations of genetic aberrations found in variant cell populations can be studied. This will help to understand whether some of these variant populations, although relatively small, might in fact determine the prognostic features of the tumor.
Next, we describe the use of this strategy in a mouse model for SCLC developed in our laboratory, and we present initial findings illustrating both the resemblance of the mouse model to the human disease and the suitability of this approach.
SPORADIC MOUSE SCLC MODEL
We have described previously the generation of a murine model for SCLC (mSCLC) (Meuwissen et al. 2003) . Somatic application of the Cre-loxP system was used to obtain lung-epithelium-specific deletion of Rb1 and Trp53 genes. Somatic inactivation of both Rb1 and Trp53 alleles in a broad range of proliferating lung epithelial and alveolar type II cells leads to the development of multiple tumors with a histological morphology and immunophenotype closely resembling human SCLC (Fig. 3) . Within a relatively short time period after inoculation of mice with Adeno-Cre virus (6-8 weeks), we observed small foci of NE cell proliferation in the airways, which could represent the precursor lesions for dysplasias and histologically malignant lung tumors. However, NE proliferative foci were still detected in mice that already had substantial tumor load and even metastases. This might indicate that loss of Rb1 and p53 function leads to the expansion of a population of cells highly prone to SCLC development, but that additional genetic lesions are required for progression. Overt tumors, which could be observed 25-40 weeks after infection, were highly proliferative, invasive, and had a marked capacity to metastasize to liver, brain, adrenal gland, bone, and ovaries. Expression of markers for NE differentiation were observed in both primary tumors and metastases, including synaptophysin, neural-cell adhesion molecule 1 (Ncam1), Calcitonin-gene-related peptide (Cgrp), in association with high Ascl1 expression (Fig. 3) . The mammalian achaete scute homolog 1 (ASCL1, HASH-1) is a basic helix-loop-helix transcription factor that determines the onset and maintenance of NE differentiation in normal pulmonary epithelial cells and also in lung tumors with NE features (Ball et al. 1993; Borges et al. 1997) , and is considered a key marker for human SCLC.
To expand the study of genotype-phenotype relationships to distinct cell populations in these tumors, a number of independent cell lines were derived and characterized. All showed expression of NE markers. All these cell lines have been subcloned, and several of the obtained clonal cell lines are now further characterized by immunophenotyping, expression profiling, and array CGH. In vitro growth properties are also being studied. The initial results indicate that different subclones derived from a single tumor may have distinct phenotypes, even when genetic markers (CGH) point to a clonal origin (data not shown), and both Trp53 and Rb1 genes are biallelically inactivated in each case. The vast majority of the subclones tested show strong NE differentiation, which correlates with high expression levels of L-myc, N-myc, and Ascl1. These subclones grow as aggregates in suspension resembling "neurospheres." However, other subclones from the same tumors grow attached to substrate and show an expression profile clearly divergent from the NE-differentiated cells. The expression of some stem cell markers in these cells might point to the presence, in mSCLC tumors, of a population of undifferentiated cells, which could be responsible for the metastatic potential of those tumors and especially for the relapse after chemotherapy. In Figure 4 , an example of the in vitro morphology of two cloned cell lines is shown. Note that both NE cells, growing in floating aggregates, and non-NE, spindle-like cells were established from the same mSCLC tumor. Some of these cloned cell lines have been orthotopically transplanted into Balb/c nude mice. Only orthotopically transplanted NE cells closely reproduce the tumor growth properties and marker expression of the original tumors. Variant, non-NE cells that lack some genetic aberrations characteristic of SCLC also do not reproduce the SCLC tumor phenotype upon orthotopic grafting, and might represent a minor subpopulation in the original tumors.
INSIGHT INTO THE MOLECULAR EVENTS
To gain better insight into the separate role of p53 and Rb1 loss in SCLC induction, mice homozygous for both the Trp53 and Rb1 conditional alleles were compared to mice carrying either a wild-type (wt) Trp53 allele (Trp53F/wt;Rb1F/F) or a wt Rb1 allele (Trp53F/F; Rb1F/wt) (Meuwissen et al. 2003) . Our data show unambiguously that loss of Rb1 and Trp53 tumor suppressors acts synergistically in mouse NE tumor formation and that loss of both Rb1 and Trp53 is therefore a prerequisite for NE lung tumor formation (Table 2) . First, Cre-mediated biallelic deletion of Trp53 and Rb1 is found in all NE lung tumors from Trp53F/F;Rb1F/F mice. Second, NE lung tumors from Trp53F/wt;Rb1F/F mice showed LOH of the remaining wild-type Trp53 allele, and third, Trp53F/F;Rb1F/wt mice only developed mSCLC upon loss of the wt Rb1 allele; when the wt Rb1 allele was retained, only adenocarcinomas ensued, similar to those found in Trp53F/F mice or in Trp53 -/-mice. In summary, complete loss of Trp53 was observed in all tumors, being an essential event for both adenocarcinoma and SCLC. In contrast, Rb1 loss per se was unable to initiate lung tumorigenesis but was required together with loss of Trp53 for the development of NE tumors. This suggests that Rb1 loss permits the proliferation of cells expressing the NE differentiation program, whereas Rb1 loss is insufficient to allow proliferation of other cell types, possibly as a result of redundancy of other pocket protein family members. Recent evidence obtained in studies in which targeted disruption was performed of either Rb1 alone or the three retinoblastoma-protein family members (i.e., Rb1, p130, p107) in embryonic lung epithelium further demonstrates a specific role of Rb1 in the determination of NE cell fate (Wikenheiser-Brokamp 2004) . These results also show marked functional redundancy of the pocket proteins in epithelial cell lineages, which could explain, at least in part, the prevalence of p16
INK4a loss over Rb1 loss in NSCLC.
In addition, loss of Rb1 appears particularly predominant in tumors originated from neural or NE cells, in line with the continued expression of neuronal markers including Ascl1 in the majority of these tumors. Whether or not Ascl1 is a direct or indirect downstream effector of Rb1's NE-fate restrictive function, it is clearly necessary to sustain the NE differentiation in human SCLC cell lines (Borges et al. 1997) . In fact, Ascl1 immunoreactivity was observed in most mSCLC, and expression levels at the protein and RNA levels correlate very well with the NE differentiation of mSCLC-derived cell lines (Fig. 4) .
Also intriguing are our observations regarding L-myc gene (Lmyc1) copy number and expression. Array CGH-BAC of primary mSCLC tumor material invariably showed amplification of a narrow genomic stretch containing the Lung carcinoma derived myc gene (Lmyc1). Even more interestingly, most, if not all, cell clones showing NE phenotype also have a gain in the Lmyc1 gene copy number, whereas this amplicon is not observed in non-NE-related cell clones (Fig. 4) . Expression array data are completely consistent with this finding, as a high level of L-myc expression is observed in mSCLC primary tumors and NE cell clones, but not in non-NE cells. Whether or not Lmyc1 amplification is functionally responsible for aspects of the NE differentiation, e.g., directly or indirectly regulating Ascl1 expression, is a question that needs to be addressed in future experiments.
In any case, this confirms that different cell populations in the tumor can harbor distinct genetic alterations, determining or at least correlating with phenotypic divergence. Of note, analysis of whole tumor preparations may neglect the existence of small populations of variant cells that represent a minor component within the tumor. The contribution of these cells to the properties of the tumor (invasion, metastasis, drug resistance) might be easily underestimated, and deserves further study.
CONCLUSIONS
The sporadic mouse SCLC model generated by conditional deletion of Trp53 and Rb1 tumor suppressor genes in the mouse lung epithelium has proven to be an invaluable tool for the understanding of neuroendocrine tumor biology because (1) it mimics the histological and pathological characteristics of human SCLC; (2) it presents with a high penetrance, specificity, and relatively short latency; (3) it reproduces some of the additional genetic aberrations and expression changes observed in the human counterpart (i.e., MYCL1 amplification, ASCL1 upregulation); (4) potential target cells and early lesions can be studied; (5) cell lines can be derived and subcloned without being perturbed by major culture artifacts; and (6) derived cell clones may reflect different steps in the tumorigenic process and enable us to establish detailed genotype-phenotype correlations.
Applying the approach described, we can gain a detailed insight into the events that determine tumor phenotype and prognosis. First, we want to define which additional genetic aberrations are necessary for tumor formation and maintenance, as well as when and why these lesions are selected. What is the reason for specific amplification of Lmyc1 among other Myc family members? Second, we want to dissect the signaling pathways that sustain tumor growth, with special interest in the paracrine loops that establish cross-talk relations between cells in a tumor. Finally, we want to assess why distinct populations of cells with different genotypes do persist in the tumor mass. For instance, non-NE cells seem to have little advantage compared to NE cells within the SCLC tumor, but they might contribute to tumor growth by providing growth factors, cytokines, or extracellular matrix components. In addition, this minor cell population can serve as a source of plasticity giving the tumor better chances to adapt to new conditions, like hypoxia, nutrient depletion, or chemotherapy. To test these possibilities further in vivo, we are currently testing the advantage of mixed populations versus pure cloned populations in orthotopically grafted mice.
However, the final goal of any animal model for human pathology is to translate the acquired knowledge into prevention, diagnostic, or treatment strategies, as well as to enable preclinical testing of such strategies. The mSCLC model also offers good opportunities for translational studies. The search for serological markers in mice in early stages of the disease can provide a tool for early detection of lung neuroendocrine lesions. On the other hand, intervention studies using the in vitro and in vivo systems described here can yield new preventive or therapeutic regimens. For example, RNA interference technology applied to cloned cell lines either in vitro or in tumor cell grafts will enable us to test candidate targets even before having target-specific drugs. In addition, cloned cell lines can be labeled with reporter genes (e.g., luciferase, lacZ) to facilitate the longitudinal screening of tumor growth and metastatic spread.
These studies, together with observations made in other mouse tumor models, will undoubtedly increase our understanding not only of cancer as a disease, but also of the selective processes leading to tumor progression. In addition to the mSCLC model, we have generated a number of different well-defined mouse tumor models, like lung adenocarcinoma (Meuwissen et al. 2001) , mesothelioma (J. Jongsma et al., in prep.), or melanoma (I. Huijbers et al., in prep.) also showing an important degree of specificity. The goal is now to uncover the Achilles' heel of these tumorigenic processes so that we can intervene in a way that leaves little chance for tumor progression or relapse.
